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Description 

«r\ T he present invention concerns a new growth/ differentiation 
factor of the tgf-S family and dna sequences coding therefor. 

The BMP-, TOP- and inhibin-related proteins are members of the 
TQF-R family of growth factors (Roberta and Sporn, Handbook of 
Experimental Pharmacology 95, 419-472 (1990)). They are 
relevant for a wide range of medical therapeutic methods and 
applications. These factora are suitable tor methods relating 
to wound healing and tissue regeneration. Moreover several 
members of the TGF-S family induce tissue growth for example 
the growth of boneB. 

C/> Wozney (Progreaa in Growth Factor Research 1 (1989), 267-200) 

^ and Vale et al . (Handbook of Experimental Pharmacology 95 

(1990) , 2H-24B) describe various growth factors for example 
those which are related to the BMP and the activin/inhibin 
group. The members of this group have significant structural 
similarities. The precursor of the protein ia composed of an 
amino-terminal signal sequence, a propeptide sequence and a 
carboxy- terminal sequence of no to J.40 amino acids which is 
cleaved from the precursor and represents the mature protein. 
Furthermore its members are defined by an amino acid sequence 
homology. The mature protein contains the sequences that are 
conserved most, in particular ueven cysteine residues which 
are conserved among the family members. The TGF-6-llke 
proteins are multifunctional, hormonally active growth 
factors. They alao have related biological activities for 
example chemotactic attraction of cells, promocion of cell 
differentiation and tissue- inducing capabilities. EP O 222 4 91 
Al discloses sequences of inhibin alpha and beta chains. 

On the whole the proteins of the TGF-B family show differences 
in their structure which leads to considerable variations in 
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their exact biological function. In addition they are found in 
their exa 3 of tissues and stages of 

a wide range of different type . . 

development. As a consequence they may be different ^ with 
regard to their exact function e.g. the required cellular 
biological environment, their life span, their target 
LL, their requirements for auxiliary factors and their 
resistance to degradation. Although numerous protein, that 
show tissue-inductive potential have been described, their 
natural functions in the organic and - even more W«-ntly 
- their medical relevance .till has to be researched in 
detail. It can in all probability be assumed that there are 
still unknown members of the TQF-* ^mily which are of 
importance for the differentiation/induction of various types 
of tissue. However, a major difficulty in the isolation of 
these new WP-B-lika proteins i. that their functions cannot 
yet be described precisely enough to develop a highly 
discriminating bioassay. On the other hand the expected 
nucleotide sequence homology to Known members of the family 
" O o small to enable screening by classical nucleic acid 
hybridisation techniques. Nevertheless the further isolation 
^c^c Jri..tlon of new W-E-Uta protein, i- "gently 
required in order to provide further inducing and 
requireu x fulfil all medical 

differentiation proteins which fulfil a " 
requirements. These factors could be used medically in healing 
injuries and treating degenerative diseases of vaxious 
tissues . 

MP 121 ib give. Demie noe corresponding to the mature 

which a major part ot the acquenoa 1 orooeptide 

-4 j. otated The complete sequence of the propeptic 

protein iB ouauea. an» t 

Ml J i2l iB not disclosed, 

family with mitogenic and/ov an 

j-tmia-j-j. ,vr*»sent invention is ln 

potential. The object of the present 
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particular to provide the complete 0HA and amino acid sequence 
of the TGP protein MP121. 

This object is achieved by a una molecule that codes for a 
protein of the TGF-/5 family and which comprises 

(a) the part coding for the mature protein and if necessary 
further functional pax*ta of the nucleotide sequence shown in 
S1LQ ID NO. l, 

(b) a nucleotide sequence corresponding to the sequence from 

(a) within the scope of the degeneracy of che genetic code, 

(c) a nucleotide sequence corresponding to an allelic 
derivative of one of the sequences from (a) and (b) or 

(d) a sequence which differs from sequence (a) due to the fact 
that it originates from other vertebrates 

(e) a sequence hybridizing with one of the sequences from (a) , 

(b) , (c) or (d) 

provided that a DNA molecule according to (e) contains at 
least the part coding for a mature protein of the TGF-fc 
family. 

Further embodiments of the present invention concern the 
subject matter of claims 2 no 10. Other features and 
advantages of the invention emerge from the description of the 
preferred embodiments. The sequence protocols and drawings are 
now briefly described. 

5)FQ ID NO. 1 chows the complete nucleotide sequence of the DNA 
coding for the human TGF -IS protein ML>121. The ATG start codon 
begins at nucleotide 120. The start oi the complete mature 
protein particularly preferably begins at nucleotide 036. 

SEQ ID NO. 2 shows the complete amino acid sequence of the 
preproprotein of the human TGF -15 protein MP121 which was 
derived from the nucleotide sequence shown in SEQ ID NO. 1. 
The start of the mature protein is preferably in the region of 



amino acids 217-240, particularly preferably at amino acid 236 
or 237 and most preferably at amino acid 237. 

SBQ ID NO. 3 shows the complete nucleotide Hequence of the DNA 
coding for the TGF-B protein MP121 from the mouse. The coding 
region begins at the ATO start codon at nucleotide 131 and 
ends at the stop codon beginning at position 1107. The start 
of the mature protein preferably begins at nucleotide 839. A 
ca. 5.5 kb large intron is located in the genomic DNA between 
position 446 and 447. 

SEQ ID NO. 4 showa t.he complete amino acid sequence of the 
preproprotein of the TGF-B protein MP121 from the mouse which 
has been derived from the nucleotide sequence shown in SEQ ID 
NO. 3. The mature protein begins in the region of amino acids 
217-240 in analogy to the human MP121 of SEQ ID NO. 2. it is 
most preferred when the mature protein starts at amino acid 
237 so that the mature part consists of 116 amino acids as in 
the human MP121. Members of the TGF-JJ family are frequently 
cleaved behind a RXXR cleavage aits in order to separate the 
mature part from the precursor (see ozkayjittk. B L J. Biol. 

Chem. 267, 25220-25227 (1992) and the literature cited 
therein) . In the case of MP121 from the mouse it is also 
conceivable that the beginning of the mature protein is at 
least sometimes at amino acid 236. 

SEQ ID No\ shows the nucleotide sequence of the human MP121 
gene at the\exon/lntron junctions. The nucleotides from both 
exons are marked b V capital letters those of the intron by 
small letters. 

-figure 1 shoVs a comparison of the amino acid sequence of 

. Human MP121 wi\h some members of the TGF-6 family (inhibin or 

/LnA R chains) \arting at the first of the seven conserved 
^/cysteine residues^ * denotea that the amino acid is the same 
/ in all compared pVoteins; + denotes that the amino acid 
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correspond*, in at least one of the proteins compared to human 
MP121. 

Figure 2 Vows the nucleotide (sequences of the oligonucleotide 
primers wh\ch were used in the present invention and a 
omparison o\theee sequences with known members of the TGP-S 
family. M denotes A or C, 9 denotes C or G. R denotes A or G 
and K denotes c\r T. 2a shows the sequence of primer OD. 2b 
shows the sequence\of primer OID. 

Figure 3 Vhows a diagram of a Western blot using chicken 
antibodies Vgainst human MP121. 

Figure Ashows the expression of MP121 compared to activin fi A 
and S„ in Various mouse tissues . 

Figure 5 ahWj a positive influence on the survival of 
dopaminergic iWrones by treatment with partially purified 
MP12X. 

Figure 6 s\ows a Western blot using rabbit antibodies against 
human MP121A 

Figure 7 s\ows the stimulation of nerve fibre outgrowth from 
the embryonVc retina by treatment with partially purified 
MP121. \ 

Figure » ahoU that partially purif ied MP121 can inhibit BGP 
induced DNA uWhesis in hepatocjyl-.ee. 

Figure S shows the influence of partially purified MPMl on 
erythroid differentiation . 

within the scope of the present invention the term "mature 
protein" also encompaaees functional partial regions of the 
complete protein which exhibit essentially the same biological 
activity and preferably those partial regions which include at 
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least the region of the seven cysteines that are conserved in 
the TGF-15 famiXy. In this case it is in particular possible 
that the N-terminus of the .nature protein is slightly modified 
i e deviate*, from the sequences shown in SEQ ID NO. 2 and 4. 
in this connection additional amino acids, which do not 
influence the functionality of the protein, may be present or 
amino acids may be absent provided that in this case the 
functionality is also not impaired. However, it is preferred 
that the human protein and the mouse protein contain all ama.no 
acida starting with amino acid 237 of the amino acid sequence 
shown in SEQ ID NO. 2 and SEQ ID NO. 4. It is already known from 
other family members of the TOP -ft family that the attachment 
of additional amino acids to the N- terminus of the mature 
protein does not influence the activity wherein inter alia 6 
additional histidines were attached to the N-terminus. 

Therefore the present invention encompasses the part coding 
for the mature protein in accordance with the above-mentioned 
definition and if necessary, further functional parts of the 
nucleotide sequence shown in SEQ ID NO. 1 as well as sequences 
that correspond to this sequence within the scope of the 
degeneracy of the genetic code and allelic derivatives of such 
sequences. Furthermore the present invention also encompasses 
»NA sequence which code for a protein of the TGF-fe family 
which were obtained from other mammals and which have a 
sequence that deviates slightly due to their origin but which, 
however, code for proteina having in principle the same 
biological function and also sequences that differ only 
slightly. Such .sequences correspond to one another to a very 
large extent as can be seen by comparing SBQ ID no. 1 and NO. 



3 



In- addition the present invention also covers 
hybridizing with such sequences provided that such a DNA 
molecule at least completely contains the part coding for 
mature protein of the TGF-fi family (according to the above 
definition) and the biological activity is retained. 



The term "functional part 11 within the aenae of the present 
invention denotes a protein part which is capable of acting 
for trample as a signal peptide, propeptide or mature protein 
moiety i*e. it fulfills at least one of the biological 
functions of the natural parts of MP121. 

in the case of the preferred human MP121 the region coding for 
the mature part of the protein preferably extends from 
nucleotide 836 to the stop codon which begins at nucleotide 
1184 of the sequence shown in SEQ ID NO. l. If necessary, the 
DNJV molecule can include further functional parts of the 
sequence shown in SEQ ID NO, 1 namely the nucleotide sequences 
coding for the signal or/and propeptide part. It is 
particularly preferred that the DNA molecule comprises the 
sequence for the signal and propeptide part and the mature 
protein part i.e. nucleotides 3 20 to 1184 of the sequence 
shown in SEQ ID NO. 1. In the case of the preferred mouse 
MP121 the region coding for the mature part of the protein 
preferably extends from nucleotide 839 to the stop codon 
starting at position 1187 of the sequence shown in SEQ ID 
NO. 3. If desired the DNA molecule can also include further 
functional parts of the sequence shown in SEQ ID NO. 3 i.e. if 
desired nucleotide sequences coding for the signal or/and 
propeptide part. 

On the other hand the DNR. molecules can also include 
functional signal or/and propeptide parts of other proteins 
e.g. of proteins with the cystine knot, motif (Cell, vol. 73 
(19^3), £>- 421-424) and in particular of other proteins of the 
TOP- ft family e.g. the aboveinent ioned act ivin/inhibin or ttMP 
proteins especially also MP52 (see PCT/EP94/02630) in addition 
to the part coding for the mature protein. The respective 
nucleotide sequences can be found in the aforementioned 
references to the disclosure of which reference is herewith 
made. In this case it ie important that the correct reading 
frame for the mature protein is preserved. Depending in which 
host cells expression takes place, the presence of another 
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Signal sequence or/and of another propeptide part may 
positively influence the expression. The exchange of 
propeptide parts . by corresponding parts of other proteins xs 
described for example in Mol . Endocrinol. 5 (1991), 149-155 
and Proc. Natl. Acad. 3ci. USA 90 (1993), 2905-2909. 

Although the allelic, degenerated and hybridizing sequences 
and sequences derived from other vertebrates which are covered 
by the present invention have structural differences due to 
slight changes in the nucleotide or/and amino acid sequence, 
proteins which are coded by such sequences still essentially 
have the same useful properties which enable them to be used 
in essentially the same medical fields of application. 

According to the present invention the term "hybridization- 
denotes the usual hybridization conditions, preferably 
conditions with a salt concentration of 6 x BSC at 62 to 66 "C 
followed by a one hour wash with 0.6 x SSC, 0 . 1 V SDS at 62 to 
66'C. 

Preferred embodiments of the present invention are DNA 
sequences as defined above which are obtainable from 
vertebrates, preferably mammals such as pigs, cows and rodents 
such as rato or mice and in particular from primates such as 
humans or which are copied from corresponding sequences. 

A particularly preferred embodiment of the present invention 
are the sequence., shown in SEQ ID NO. 1 and 3 and denoted 
human or mouse MP121. nequencao . The tranecripfcs of MP121 were 
obtained from liver t.lusue and nod* for a protein which ahowo 
a considerable amino acid homology to the mature part of the 
inhibin/activin-Tike protein* (see figure 1). The protexn 
sequences of human «-inhibin, inhibin ft A (activin BJ and 
inhibin 1^ (activin B D ) are described by Mason et al . (Biochem 
Biophys. Res. Comm. 135. 957-964 (1966)). Some typxeal 
sequence homologies which are specific for known inhxbin 
sequences were also found in the propeptide part of MP121 
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while other parte of the propeptide of MP121 show considerable 
differences to inhibin propeptides. 

v. H, a f i-here are differences 
— ^J^TZJZ^ -2X and that of the 
"s" -ivins are mainly expressed in the ^ 
]ZZlin B A in ovaries and aotivin in testes and ovaries) 
£Sl i. -inly expressed in the liver. However «p to 
sensitivity of the experts has not been efficient ^to also 
detect a slight expression. Thus in the case of activin it 
Zl for example been described in the literature that 
Session can also be detected outside the ^van , 
rat tissues in adult, animals (Meunier et al . , Proc. ^ 
Tcad Sci. USA ... 247-251 U.«l> as well as durin, „ o 
development (Roberts et al . . Endocrinology 128, 3122JX29 
U991H. Therefore it is also possible that expression of 
MP121 in other tissues may yet be detected. 

Because of the predominant expression of MPX2X in liver the 
expression in one typical cell type of the «a 

. Ti- W as shown that trie thkim/v 

investigated in more detail, w <*w o» 

jessed ^ly in cultured primary rat 

ZTl in liver cell lines such as HepG2 (ATCC HB .065, . Ihe 
Ixpression in primary cells ia markedly reduced by EOF 
Zidermal Growth Factor) treatment after 60 hours. This 

^n is completely different chared to -JLvin 
which io barely expressed in -panocytes but ncre e 
drastically after EGF treatment (Yasuda et al.. J.Clin 
vol.9,. X491-149r. ,1993,,. the .xpresoion «>^lvln 

BA mRNA and MPX2X n*HA - ->P— in ^ 

unV :i niiiwA is detected signiricain-uj 
after 70V hepatectomy . MPl^X "»<™ ' & 

l,t.r. »b.«»s th. .RN» for .ctivln BA « qui MP121 

regenerate and piolif erate . 

egression and/or the amount of MPX21 protein in liver 
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of significance for treatment of liver carcinomas, liver 
injurieB or diseases such as for example cirrhotic liver. 

In addition the present invention concerns a vector which 
contains at least one copy of a DNA molecule according to the 
invention. In such a vector the DNA sequence according to the 
invention is preferably linked operatively with an expression 
control sequence. Such vectors are suitable for producing 
TGF-fc-like proteinB in stably or transiently- transformed 
cells. Various animal, plant, fungal and bacterial systems can 
be used for the transformation and the subsequent culture. The 
vectors according to the invention preferably contain 
sequences necessary for replication in the host cell and they 
are autonomously replicable. In addition the use of vectors is 
preferred which contain selectable marker genes by which means 
the transformation of a host cell can be detected. - 

Furthermore the invention concerns a host call which is 
transformed with a DNA according to the invention or with a 
vector according to the invention. Examples of suitable host 
oalls include various eukaryoMo and prnkaryotic cells such as 
E. coli, insect calls, plant calls, mammalian cells and fungi 
such as yeaBt. 

In addition the invention concerns a protein of the TGP-6 
family which is coded by a DNA sequence according to claim l. 
The protein according to the invention preferably has the 
amino acid sequence shown in SEO ID NO. 2 or in SEQ ID NO. 4 or 
if desired functional parts thereof (as defined above) and 
exhibits biological propertiae such as tissue-inductive 
properties which may be relevant for a therapeutic 
application. The above-mentioned features of the protean can 
vary depending on the formation of homodimera or heterodimers 
with other proteins having the "cystine knot motif and xn 
particular TGF-S proteins. Such structures may also prove to 
be suitable for clinical applications and thus are also a 
subject matter of the present invention. Preferred 
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heterodimers include heterodimers composed of a monomer of the 
protein according to the invention and monomers of the or, fi A or 
B B inhibin chains. The properties resulting from heterodimer 
formation can be shifted more towards the properties of 
activin or inhibina . If for example a heterodimer is formed 
with inhibin a proteins or with other inhibin & proteins, then 
it is assumed that the MP12l/lnhibin (a chain) or MP 
121/activin (B A or & n chain) heterodimer can inhibit or 
activate the formation of follicle-stimulating hormone (FSH) . 
MP121 /activin heterodimers may also for example influence 
mesoderm development. Furthermore it is expected that 
heterodimeric forms with a member of the BMP group of TGF-fi 
proteins lead to an amplification of BMP-like activities such 
as for example the ability to induce or promote bone 
formation, formation "of cartilage or formation of connective 
tissue , 

The invention therefore also concerns heterodimeric proteins 
of a protein of the TGF-fc family according to the invention 
which is coded by a DNA sequence as claimed in claim 1 
containing a monomer of a protein with the "cystine knot 
motif" preferably of another member of the TGF-fc family. 
Similar heterodimeric proteins are described In W093/09229, EP 
0 626 451 A2 and J. Biol- Chem. 265 (1990), 13198-13205. 

In addition the invention concerns chimeric proteins which 
have functional derivatives or parts of a protein coded by a 
DNA sequence according to the invention preferably as shown in 
SEO ID NO. 2 or SEQ ID NO. 4, in particular functional parts of 
the mature protein and additionally parts of another protein. 
In thifl udbu the other protein can also be a protein with a 
"cystine knot motif" which is preferably also a member of the 
TGF-fi family such as e.g. especially MP52 (PCT/EP94/02630) . 
However, part3 of a complete different protein can also be 
present e.g. receptor-binding domains of proteinB which lend 
the initial MP121 protein another specificity. 





- 13 - 



The biological properties of the proteins according to the 
invention, preferably MP121, can be determined for example in 
assays according to Wrana et al . , (Cell 71. 1003-1014 (1992)), 
Ling et al . (Proc. Natl. Acad, of Science, B2, 7217-7221 
(1985)), Takuwa et al. (Am. J. Physiol. 257, E797-E003 
(1989)), Pann and Patterson (Proc. Natl. Acad, of Science, 91. 
43-47 (1994)), Broxmeyer et al . (Proc. Natl. Acad, of Science, 
85, 9052-9056 (1988)), Green et al . (Cell, 71, 731-739 (1992)) 
or Partridge et al. (Endocrinology. 108. 213-219 (1981)) or 
Kriegletein et al. (EMBO J. 14, 736-742 (1995)). 

Activin A and TGF-6 1, TGF-ft 2 and TGP-S 3 have been described 
to promote survival of dopaminergic neurones in vitro 
(Krieglstein et al., EMBO J. 14. 736-742 (1995) and 
Kriegletein et al . , Neuroscience 63, 1109-1196 (1994)). in the 
case of partially purified MP121 it could be shown that the 
survival of dopaminergic neurones in a B-day culture is 
promoted to a greater extent than by the influence of the 
control supernatant (Figure 5) . 

During the development of the visual system a projection of 
axons from the retinal ganglion cells to the special regions 
in the brain is established. It was shown by several groups 
that soluble factors isolated from visual areas of the brain 
can trophically stimulate retinal ganglion cells (Nurcombe, V. 
& Bennett. M.R.. Exp. Drain Res. 44. 249-258 ^981), Ilyndman, 
A. Q., Adler, R.. Dev. Neurosci.5, 40-53 (1902), Turner, J.E. 
et al., Dqv. Drain Res.S, 77-03 (1903). Carri, N.G. tEbendal, 
T., nev. Brain Res. 6. 219-229 (1903)). The formation of nerve 
fibre fascicles, which most likely represent optic axons 
stemming from the retinal ganglion cells, depends on 
neurotrophic factors. Using MP121, a strong stimulation of 
retinal nerve fibre outgrowth in explant cultures of the 
embryonic chicken retina was evident as shown in Tab.l and 
Figure 7. During these experiments, other members of the TGF-B 
superfamily, as for example MP52 (DE 195 25 416.3), were also 
proven to be active. 
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This activity of MP121 can be useful for the treatment of 
diseases at the eye as for example the retina or the optic 
nerve. It is especially useful for injuries of the neural 
retina and the optic nerve. Such injuries can be evoked for 
example by accidents, inflammations or disturbance of the 
SUPPLY of blood. It can also be useful for the transplantation 
of the retina. Furthermore the treatment of other cerebral 
nerves is important. One example is the trigeminal nerve 
(Nervus Trigeminus), which also provides parts of the eye. 
Therefore, members of the TGF-B family, especially MP52 and 
MP121, can also be useful for the transplantation of the 
cornea. Additionally the treatment of partial damage of the 
cornea as for example evoked by a herpes infection can be 
possible. Furthermore the treatment of degenerative disorders 
at the surface of the eye are of interest. 

Kesults on rat hepatocytes in primary cultures indicate that 
partial purified MP121 inhibits the initiation of DNA 
synthesis (Figure 8) . The effect of MP121 resembles that of 
Activin A and TGF-fc (Yasuda at al., J. Clin. Invest. Vol. 92, 
1491-1496 (1993)) but the concentrations of MP121 which are 
necessary to block the growth promoting actions of EGF are 
higher. Nevertheless it can be assumed that MP121 can 
influence liver growth. Therefore it can be useful in several 
liver diseases including liver carcinomas. 

Activin A is furthermore known for its ability to promote the 
differentiation of Friend erythroleukemic cells (F5-5) 
wherefore it was also designated firythroid differentiation 
factor (EOF) (Bto et al . , lUochem. hiophys. Res. Com. 142, 
1095-1103 (1907)). Partial purified MP121 shows also a slight 
activity in this assay system. Therefore MP121 can be useful 
in stimulation of eryt uropoiesis . 

The present invention in addition concerns a process for the 
production of a protein of the TGF-fc family which ie 
characterized in that a host cell transformed with a DNA 
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according to the invention or with a vector according to the 
invention is cultured and the TGF-fc protein is isolated from 
the cell or/and the culture supernatant. Such a process 
comprises culturing the transformed host cell in a suitable 
culture medium and purifying the TGF-fc-like protein formed. In 
this way the process enables the production of an adequate 
amount of the desired protein for use in medical treatment or 
in applications using cell culture techniques in which growth 
factors are needed. The host cell can be a bacterium such as 
Bacillus or E. coli, a fungi such as yeast, a plant cell such 
as tobacco, potato or arabidopsis or an animal cell, 
especially a vertebrate animal cell line such as Mo, Cos or 
CHO cell lines or an insect cell line. Using the Baculovirus 
system, expression can also be performed in insect larvae. 
When producing in bacteria it is possible that the protein 
according to the invention is produced in the form of 
inclusion bodies. These inclusion bodies are then renatured 
according to known methods and the protein is then obtained in 
an active form (see e.g. Jaenicke, R. and Rudolph, R. , Protein 
Structure, ed. Creighton, T.E., IRb Press, chapter 9). For the 
production of heterodimeric proteins with other members of the 
TGF-fc family, both protein monomers are expressed either in 
the same cell or separate in the course of which a common 
renaturation seems suitable with formation of inclusion 
bodies. Viral systems such as e.g. the Baculovirus system or 
the Vaccina virus system are in particular suitable when 
coexpressing in the name cell. The production of heterodimeric 
proteins is in principle known to a person skilled in the art 
and is described for example in W091/09229 and BP 0 626 451 
A2. 

The production of chimeric proteins containing other protein 
parts requires a corresponding change at the DNA level which 
is familiar to a person skilled in the art and can be carried 
out by him (EMBO J. 10 (1991) , 2105-2110; Cell 69 (1992), 
329-341; J. Neurosci . 39 (1994), 195-210). 
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Yet another subject matter of the present invention is the 
provision of pharmaceutical compositions which contain a 
pharmaceutical^ effective amount of a TGF-B-like protein 
according to the invention as the active substance. If 
desired, such a composition comprises a pharmaceuti cally 
acceptable carrier or auxiliary substance, diluent or filling 
agent. Such a pharmaceutical composition can be used alone or 
in combination with other active substancea for example other 
proteins of the TGF-fc family or growth factors such as EGP 
(epidermal growth factor) or pdgf (platelet derived growth 
factor) in wound healing and tissue regeneration. Furthermore 
such a pharmaceutical composition can be used for the 
prevention of diseases. 

Further subject matters are pharmaceutical compositions which 
contain heterodimeric proteins or/and chimeric proteins 
according to the invention. 

The pharmaceutical composition according to the invention is 
preferably used for the treatment and prevention of damage to 
bones, cartilage, liver. connective tisane, skin, mucous 
membranes, endothelium. epithelium. neurones, kidneys or 
teeth, for application in dental implants, for application in 
wound' healing or tissue regeneration processes, induction of 
the proliferation of precursor cells or bone marrow cells, for 
the maintenance of a state of differentiation and for the 
treatment of disturbances in fertility or for contraception. 

Furthermore the pharmaceutical condition according to the 
Invention can be useful for the treatment of diseases 
concerning the metabolism, such as digestive disorders or 
disorders concerning the level of bloodaugar. 

A further possible clinical application of the TaF-B-like 
protein according to the invention is the use as a suppressor 
of immunoreactions in order to avoid rejection of organ 
transplants or use in connection with angiogeneeis. 
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Furthermore the protein according to the invention can be used 
to increase fertility or in contraception. The pharmaceutical 
composition according to the invention can also be used 
prophylactically or in cosmetic surgery. Furthermore the 
application of the condition Is not limited to human* but 
can also include animala in particular pets and domestic 
animal a. 

Thus the part of the other protein or other monomer can be 
used to vary the scope of applications and specificity of 
heterodimeric proteins and chimeric proteins as desired. 

In general diseases which are associated with the expression 
of MP121 can be treated using the proteins according to the 
invention either by increasing the amount or activity of MP121 
which is present or by suppressing the MP121 activity. Thus 
the invention also concerns the production of antisense 
nucleic acids and ribozymes which inhibit the translation of 
MP121. This inhibition can either be achieved by masking the 
mRN ft with an antisense nucleic acid or by cleavage with a 
ribozyme . 

The production of antisense nucleic acids is Known (Weintraub, 
HM, Scientific American 262: 40 (1990)). The antisense 
nucleic acids hybridize with the respective mlWA and form a 
double-stranded molecule which can then no longer be 
translated. The use of antisense nucleic acid is for example 
known from MarcuB-Sekura, C.J.. Anal. Biochem. 172 (1900), p. 
209-295. 

nibozymes are RNA moleculeu which are able to specifically 
cleave other single -stranded UNA molecules similar to DMA 
restriction endonucleasee . The production of ribozymes is 
.described in Cech. .7. Amer. Med. Assn. 260 (1980), p. 3030. 

in this connection it is also possible according to the 
invention to transfect suitable vectors containing the DNA 
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sequence according to the invention in vitro or in vivo into 
patient cella or to transfect the vectors in vitro into cells 
and then to implant these in a patient. 

MP121 antisense polynucleotide can also be introduced into 
cells which exhibit an undeaired expression of MP121. 

The MP121 activity can also be suppressed by binding molecules 
to the MP121 receptors which, in contrast to MP121, do not 
trigger further transmission of a signal. 

Thus within the scope of the invention the receptors forMP121 
on cells are also of interest. In order to find receptors, 
firstly various cell lines can be tested for their binding 
properties with respect to radioactively labelled MP121 
( ,IS I-MP121) with subsequent crosa-linklng. A eDNA library can 
subsequently be established in an expression vector 
(obtainable from InVitrogen) from cells which bind MP121. 
Cells which have been uransfected with receptor cDNA can then 
be selected by the binding of radioactively labelled MP121. 
These are methods known to a parson skilled in the art and 
have for example been used to isolate activin (Mathews, h.S. & 
Vale, W.W., Cell 65 (1991), 973-9B2) and TGF-fc type II 
receptors (Lin. II.Y. et al., Cell 60 (1992), 775-785). In 
analogy to known activin receptors, the MP121 receptor ia also 
presumably a receptor complex which belongs to this family ao 
that further methods known to a person skilled in the art, 
such as e.g. PCR with degenerate oligonucleotides, can be used 
lo find parts of the heteromeric complex. This method has also 
been uaed for example with the activin and tgf-B type I 
receptors (Tsucbida al: al . . P,oc. Natl. Acad. Sci . USA 90 
(1993) . 11242-11246; Attisano at ul . . Call. 75 (1993). 671-680; 
Franzen et al . , Cell 75 (1993). 681-692). 

Finally the present invention concerns an antibody which can 
bind specifically to the proteins according to the invention 
or such an antibody fragment (e.g. Fab or Fab'). Processes for 
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the production, of such a specific antibody or antibody 
fragment are part of the general Knowledge of an average 
'LLn allied in the art. Such an antibody is preferably a 
lonocLnal antibody. Such antibodies or antibody fragments can 
alao be suitable for diagnostic methods. 

I„ addition it is intended to illustrate the invention by the 
following examples. 



fixamnla 1 

Tfinlntion of MP131 

1 i Total RNA was isolated from human liver tiasue (40 year 
old man) according to the method of Chirgwin et al . 

(Biochemistry. 18, 5294-5299 U979>). Poly (A+) -UNA was 
separated from the total RNA by oligo (dT, chromatography 
according to the manufacturer's instructions (Stratagene poly 

(A) Quick columns) . 

! 2 For the reverse transcription reaction 1 to 2.5 ^ poly 
(A,, UNA was heated for 5 minutes to 65"C and quickly cooled 
on ice. The reaction mixture contained 27 U RNA-Guard 

•, . ^ ia<v\ (Pharmacia), 5 x buffer (250 
(Pharmacia), 2.5 /xg oligo (di)„.„ tumrma 

mmol/1 Tris/HCl pH 0.5. 50 ,nmol/l MgCl. 50 mmol/1 ' 
ml „ol/l of each dNTP, 600 mmol/1 KCi) and 20 U AMV reverse 
transcriptase (noehrlnger Mannheim) per ,,g poly ^ Ihe 

reaction mixture (25 ,.1) waa incubated for 2 hours at 42 C. 
The cDNA pool was stored at -20 'C. 

3 3 The deoxynucleotide primers OD and DID shown in Figure 2 
wire prepared on an automatic DNA synthesizer (Bxosearch) . 
weie prepay means of denaturing 

Purification was carried out lay means 
^ talrylamide gel electrophoresis and isolating the m 
LnL from the gel by isotachophoresis The 

wer e designed by comparing nucleic acid sequences °* *»™ 
members of the TGF-* family and selecting regions high 
conservation. A comparison of this region is shown in 1-xgure 
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2 m order to facilitate cloning, both oligonucleotides 
contained Eco RJ cleavage sites and OD additionally contained 
a Nco I restriction cleavage site at ite 5' terminus. 

1 4 In the PCR reaction cDNA corraaponding to 20 ng poly (A+) 
RNA were used as starting material (see 1.2) The reaction was 
carried out in a volume of 50 ,i\ and contained 1 x PCR buffer 
(16.6 mmol/1 CNH.) a SO„ 67 m.nol/1 Tria/HCl p!l B.8. 2 mmol/1 
MgCl, 6 7 /imol/1 EDTA, 10 mmol/1 B-mercaptoethanol , 170 /ig/ml 
bovine serum albumin <C5ibco> . 200 ^mol/1 of each dNTP 
(Pharmacia) . 30 pmol of each oligonucleotide (OD and OID) and 
1 5 U Tag polymerase (AmpliTaq, Perkin Elmer Cetue) . The 
reaction mixture was ovarlayed with paraffin and 40 PCR cycles 
were carried out. The products of the PCR reaction were 
purified by means of phenol /chloroform extraction and 
concentrated by ethanol precipitation. 

1 5 Half of the PCR reaction products was cleaved with the 
restriction enzymes Sphl (Pharmacia) and AlwNI (Blolabs) 
arrording to the manufacturer's instructions. The other half 
was cleaved in a series of reactions using Ava I (BRM , AlwN I 

(Hiolabs) and Tfl I (niolabs) . The restriction were carried 
out in 100 ,.1 using 0 « enzyme for 2 to 12 hours at 37 C 

(apart from Tfi I at 65 'O . 

t 

! 6 The products of the restriction cleavage were fractionated 
by means of agarose gel electrophoresis. After staining with 
ethidium bromide, uncleaved amplification products were cut 
out of the gel and isolated by phenol extraction. The DMA 
obtained was subsequently purified twice by phenol /chloroform 
extraction. 

X 7 a quarter or a fifth of the isolated DNA was reamplified 
after ethanol precipitation using the same conditions as for 
the primary amplification except that the number of cycles was 
reduced to 13. The reamplif ication products were purified, 
cleaved with the same enzymes as above and uncleaved products 



ware isolated from the agarose gels as elucidated above for 
the amplification products. The reamplif ication step was 
repeated. 

1.8 After the last iaolation from the gel, the amplification 
products were cleaved by 4 o Eco RI (Pharmacia) under the 
condition recommended by the manufacturer. A quarter of the 
restriction mixture was ligated into Uhe vector pBlueecript 
SK+ (Stratagane) which had been cleaved with Eco RI . After 
ligation, 24 clones of each enzyme combination were analyzed 
further by sequencing. There were no new sequences in the 
mixture which had been cleaved with AlwN I and Sph I, it 
contained only BMP 6 and inhibin BA sequences. 19 identical new 
eequencea, named MP121, were found in the mixtures cleaved 
with Ava I, AlwN I and Tft t. These plasmids were named 
pSIC-MPl.21 (OD/Oin) . One sequence differed by two nucleotidea 
from this sequence that waa otherwise found. Ligation and 
transformation in E. coli was carried out as daacribed in 
sambrook at al.. Molecular Cloning. A Laboratory Manual 
(1909) . 

The clone was\x tended to the 3 ■ end of the cDNA according to 
rhe method described in detail by Prohmann (publiahed by 
Perkin-Bl-er Cor,\ Amplifications, 5, 11-15 (1990)). The same 
liver mRNA which h\l been ueed to isolate the first MP121 
fragment was reversed transcribed as daacribed above using 
oligo dT (I6mer) \inked to the adapter primer 
(AGAATTCGCATGCCATaGTCGACGAAGC -T u ) . The amplification was 
carried out u s i n V the adapter primer 
(AGAATTCGCATGCCATGGTCGACG) \nd an internal primer 
(GGCTACGCCATGAACTTCTGCATA) prepVad from the MP121 sequence. 
The amplification products were\ prepared using a further 
internal primer ( ac atag c ag g catg cctog t ATTG ) prepared from the 
MP1-1 sequence and with the adapter Vimer . After restriction 
with Sph I the reamplification produces were cloned into the 
vector pT7/T3 U19 (Pharmacia) which hall been cleaved in the 
same way and aequenced. The clones were characterized by their 
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sequence oveVlap with the already known part of the MP121 
sequence. One We. name* piail* 3' MP13, was used to folate 
a loo I (made bW using T4 polymer.ee) /Sph I fragment. This 
fragment was clon\d into one of the above-mentioned P SK- M P121 
OD/OID) vectors \hose OD primer sequence was orientated 
towards the T7 prin\r of the P SK multiple cloning site. For 
this the vector was cleaved with SphI and Smal . The construct 
was named pMP121DFu B 6\ It comprises the MP121 sequence from 
position 922 to 1360 asNehown in SEQ ID NO. 1. 

1 9 A Dde \ fragment of pMPialDPuefi. which extends from 
position 931 \ "04 in SEQ ID NO. 1, was used to screen a 
human liver library (Clontech. • IIL3006b. lot 3622 > as 

escribed in det\l by Ausubel et al.. (Current Protocols in 
olecular Biology Wi-hed by Greene Publishing ""ocxat*. 
and wney-mtersclenV (1909)). ™ P^ eB 
from 8.1 x 10' phages \d separated. From this 10 clones which 
yielded a positi\ .isn.l using primer U» 
(An™^aC,T QCC T^A TT \and T.0I1 (-^™ C ~» 
fro- the Dde I fragment wer^ .elected and separated. The cDNA 
W as isolated from the phageaW means of an EcoRX »»*^- 
and cloned into the pBlueecriV SK vector which had also been 
cleaved with Ecottl. \ 

sequencing of one of the resulting plasmids showed 
,Z the start codon begins at position 128 of SEQ ID NO. 1 
, nre three etop codons are positioned in-frame in front of 
since three etop t- Mature MP121 

t-his start codon at positions 62. 77 and 

starts at position 836 of SEQ ID NO. 1 assuming sequence 
analogy to other TCP-B proteins which corresponds to am no 
acid 237 in SEQ NO. 2. The stop codon begins at position 1184 
of SEQ ID NO. 1, 

Plasndd SK121L9.1 was deposited at the DSM on the 26.04.1**4 
under the deposit number 9177. 
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1 10 \olation of the MP121 cDNA and genomic DNA from the 
mouse: \e sequence information from the human MP121 sequence 
waB usedVo isolate the MP1.21 sequence from the mouse. The 
methods used for this are all known to a person skilled in the 
art and are\ described for example in Current Protocols in 
Molecular Biology (Ausubel -t al . . Greene Publishing 
Associates and\iley-Inter S cience. Wiley & Sons, 1987-1995) or 
in Molecular Cl\ning (Sambrook et al.. second edition. Cold 
.^Spring Harbour laboratory Press 1909). Firstly the primers 
7 C GAATTCCGACQAGGCA\caACTGC and GCGTCQACTACCATGTCAGGTATQTC 
"TV/ derived from the hiWan MP121 sequence containing additional 
Y restriction cleavageXsites at the 5' end (EcoR I or Sal I) 
were synthesized. Thes\primer3 were used for amplification on 
genomic mouse DNA. The\0.35 kb fragment which results was 
subcloned in the Bluescipt vector (Stratagene) and used as a 
radioactive probe. A \ banWth genomic mouse DNA as well as 
a bank with cDNA was screened according to standard methods^ 
T), e uDNA w- S synthesized f ro\ P.NA, which had been isolated 
from mouse liver and cloned V° XgtlO using EcoR I/Not X 
linkers. 

MP121 clones were isolated from the genomic as well as from 
the CDNA bank. A onAcontaining the complete coding sequence 
was subclone* into theWoR I cleavage site of the Bluescript 
vect or SK (Stratagene) Vd the resulting plasmid SKMP121 mouse 
deposited on the V 05. 199* at the DSM (DSM WM). 
complete sequencing resul\d in the sequence shown in 8RQ , ID 
NO 3 The start codon begins at position 131 in SEQ ID NO 
and ends at the stop codon Warting at position 1187. The 
protein derived from the seq\nce is shown in SEQ ID NO 4 . 
Subcloning and analyzing clonk containing MP121 from the 
genomic bank showed that the MPlAsequence contains an mtron 
L the propeptide part of ca. B.sVb- This intron J^ed 
between positions 446 and 44V in fl* ID NO.3. The exon/lntron 
junctions are shown in SEQ ID NO. 5. 



vec 
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It ia possible to express MP12X in euKaryotic as as in 

prokaryotic systems. 

™.rt of MP121 was used for expresaion in 
only the -tur ^ the roature WHi P—in 

Pr0katV ; n E coll as a ™ono« can then be folded back to 

Trotein by binding to nickel -chalate columns. 

\, ^ ma .-ure part of human MP121 (amino acid 237 
Re an exam^e t he mature part ^ ^ ^ 

to 352 in sto ID NO. 2) w u ( MI IHI JHHI1KLEPAM ) was 

including 6 hVidines at the . ^ ^ a 

pressed in ^ ^iHeeistance which in 

V^-BR322 "^K^JSZJtrc* the pB3u*script IX BK 
Addition contains^ T7 P>« ^ vec|;or contalnB a 

/plaemid (Stratagene^. r,r . promoter and a ptart 

/ ribo — 1 binding ^ " ^^J. a terminator 

codon followed hy 6 C T" rBBtr iction cleavage pitas such 
follows after several .W. ^ ^ inaert ion of inserts 

a3 eco UI, Xho I. X ^ £rameB . . In order 

as well as stop codons xn alJ pCR waB 

to obtain the cO*A f^^X ^i depositary number, 

carried out on the plasmid ai^lM Qj,'igonuclcot Idea 
9lV7) using U m „ A r TOCCAAGaAGQ and 

gaattcgccatgggcatcga\cigcca oUgonucleotideg 

CCGCTCGAGAAGCTTCAACTGCACCCACAGGC . \ 

nitQB at their ends 

contain additional restriction 1 In an interme diate 

(Eco „ and — — 

etep the resulting ^ fr B (str l a gene) that had been 

into the pBlueecr.pt H -X veto i V ientation of the 5- 
clea ved with Eco RV. One clone in ^ thS °V leaved with Eco RI 
end of MPUl towards the T7 promoter ^ 





( 
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and the reciting insert (0.38 Kb) was cloned into the P BP4 
vector thaAhad also been cleaved with Bco RI The correct 
ori entation \of the insert in the resulting plasmxd 
pBP 4MPi2lHi 3 V e ^abliehed by restriction analysis and 
sequencing. Th\ plasmid pBP4MP12XHls was deposited on the 
30 1 1995 at thlDSM (depositary number: 9704) . The expression 
ofMP123 proteinXcan ba achieved by simultaneously providing 
T7 RNA polymerase. T7 polymerase can be provided by 

various methods su> as e.g. by a second plaamid with a gene 
for T7 RNA polymerase or by infection with phages which code 
for T7 RNA polymerase or also by special bacterial strains 
which have integrated the gene for T7 polymerase. The 

ature MPX21 protein 1th a His-tag <HPX21Hi.> - produced in 
inclusion bodies by usilg the bacterial strain <T>B3)M»S 

WMSl-D Z inducing the « 1» 
expression with IPTC, \according to the ^ 
instructions. In SDS polW amide gels (!B V) the protein 
exhibits an apparent modular weight of n-ly 1 *0 

(theoretical modular p ' SJ'jZZ 

representatively in the WesteYn bloL of Tig- in 

onerific bands. Hue to the kLb-t«Kj Llili, prot 

; o„ — . 4" ' :ol ;'"" ,o v* T£?.,£ 

examr 7 , 3I . , nnriHnil -U in poeeible by means of 

nonnn An add.Ua.onal purr tlotir. ion j.j l 

Versed phase HPLC. * reversed phase column 

£low -r a te of 2 ml/mln and an ^V^*^^ ^ 
TFA of 0 to 90 % within 100 minute*. MPX2XH13 ex 
these conditions after ca. 40 V aceto^itrile . 

, „ nart of MPX2X (amino acid 2M to 352 in SEQ ID 
The mature part of MPX2X with onet additional 

NO 2) was additionally expressed in E^olX "Xtn 

, , at the N-terminus only using again a system wxth 

methionine at the N termin j improved by 

the T7 UNA Polymerase. The expression level was xmpro y 
trie if * v t i n t-he expression 
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using another E^ali strain, «MS 174 (DB3) (Novagen «6D453) . 
inclusion bodies can be laolated by standard methods and 
washed with 2 M guanidinium chloride /HCb in 20 mM Tria pH 
8.0. MP121 is further purified by a reversed phase HPLC as 
described for MPl21Hla. 

Additionally monoclonal antibodies were developed in mice. A 
peptide of V amino acids from the mature part of MP121 was 
B ed ae an intigan. PI.SIXYYDRDSNIVKTDIPDMWEAC. The antigen 
„ a3 coupled i£ ovalbumin neing the free SH group of the 
cysteine accordU to conventional methods. Other constructs 
could be used aXantigens also, as for example the dimeric 
mature MP123. . \ 

immunization of DAI.B/c mice was performed according to 
conventional methods. The coupled peptide was used for example 
aB antigen in combination with complete Freund's adjuvant for 
the first immunisation and in combination with incomplete 
Freund's adjuvant in successive immunizations. The antigen (5- 
10 ug each time) was injected subcutaneously in the hind limbs 
of three mice at day 17, 14, 10. 7, 4 and 1 before the 
isolation of popliteal lymphatic nod. underneath the knee 
joint. A suspension of cells was produced for fusion to 
myeloma celln ( P3X63 Ayfl . 653 , ATCC. CM. 1SI.0) by the help of 
pL. t,., techniques are described in more detail by Paters, 
j „ t nanmgarten, 11. (1990, Monoklonale Antikorper - 
HersteJlung ' »nd Charakterisierung. Springer ^arlag, 
" Tuflage, It is possible to select for fused hybridomas by 
addition of ...serine and hypoxanthine . The 

different wells were tested after 8-10 days with EL-ISA and 
Western blot analyses using «121 -pressed in eukaryotic and 
proKaryotic cells. The cells with the best positive results 
Le further subcloned to isolate cells ^^^J™ 
monoclonal antibody. To purify the monoclonal antibodies 1 
liter of cell culture supernatant containing the monoclonal 
antibody was produced using roller bottles (Schott) in a 
tcell-Uoll" (Former Scientific) according to standard methods. 
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The .htibodie. of the cell culture .upsrhatant. can be 

r/„ce„t„tea .aa ml »e W autlv Pulled ».in S ° ° 

Dlnfl /rx tqG Purification Kit, Pierce, 
column (ImmunoPure Plus (G) igu 

^479S, according to the manufacturer. a instructions . The 
Hcxonal antibodies derived by this method proved to be 
useful for the detection of MP121. 

in each case the determination whether it is MP121 protein was 
carried out by means of Western blot analysis using 
^21-specific antibodies. Polyolon.1 antibodies 
"ere produced in chicken as well as in rabbits. In orde 
-Li: the ant.. ^^^T^^ 

*z a ;" ^ - r r 

with the txrec ^ isolating the 

f rom chicken as wen ay K .i niire 1 which had been 

-od for the sch^tlo «--;»;^^ on (Thalley «... 
purified further by means of PW- P" c ^ and 
Ld Carroll. «.».. mo/TechnolooV Vol 0 >" »«J 

„P membrana- bound anUy^n (fusion y 
^ J- " in at al.. Molecular Cloning. 

(MS " cold Spring Harbor Laboratory Press 19B9). 

pe cond edition, Cold ^ ^ g phoBpha t«. (Sigma AS-171) 

^ti-chicken igfl detection was carried out 

was UB ed as the ^^r^ Ructions using the Tropi* 

In orde r to obtain biologically active -^^^ 

m ono™eric MP121 expressed in C. ^ accordin g to the 

. _ Mm oi This can be cairiea " 

form a drmeric MP«i. ™ Ja enic*e, R. «< Rudolph, *• 
methods for example described by 
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»h prelahton. T.B., IRI* Press, chapter 
(Protein structure, ed. creigncon, i.e.. 



9) • 



Th e Vaccinia virus expression system was used for expression 
In eukaryotic cells as it is described in deta 1 and in a for. 
which can easily be repeated by a person skilled in the art in 
Current Protocols in Molecular Biology (Ausubel et al.. Greene 
Publishing Associates and wiXey-Interscience Wily * Sons 
abbreviated in the following as CP. xn chapter 16 unxt 
^-16.18. The system is baaed on the fact that foreign D*A 
can be integrated by homologous recombination into the genome 
of the vaccinia virus using certain vectors. Por this purpose 
Sector used contains the TK (thymidine . Kinase) , gene fro. 
thB Vaccinia genome. In order to enable . f ~ 

recombinant viruses, the vector additionally contains the* 
co Xi .anthine-guanine-phosphoribosyl *™ ^ 

(Palkner, P.O. * Moss. J • of Virol. 62 (1900), 1B49-1B.4). 

Z with the complete region coding for MPX21 was cloned 

into this vector. 



VCR reactions a\i intermediate cloning was nec. saary xn order 
hAa.^ 3' untranslated regions of the xnxtxal 

" 1 1 V, depositary nn.ber: 9 «7> and to insert 

plasimd 51K.1 .211.9. IV All pcR 

, fir ,tr i c, ion V<, wage o.taa ^ (nsM 

:o ahorten the 5* 
he primer 



v „lng:.e restriction Wavuu* Ht ' 

Reactions were carrie\out using the pla, 
&y6a-po.it.ry nnmber : dW In order 

/ « - " ---- 

DN )V sequence from the plasmid 8K121I».X 



number: 9177) tiy means of internal restriction cleavage Bites 
(Xba I and 3ph \ according to standard methods (Sambrook et 
al. Molecular ClWng. second edition. Cold Spring Harbor 
Laboratory Press \a9) . The shortened cDNA obtained in this 
way having the compete reading frame for MP121 (nucleotide 
128 to nucleotide llV in SEQ ID N0.1) could be cloned into 
the vector pBPl which\ had also been cleaved by using the 
restriction cuts Bam h\ and Eco Ri . The resulting plasmid 
PBP1MP121 was deposited Vm 12.1.95 at the DSM (depositary 
number: 9665) . 

The plasmid P BP1MP121 was used for the production of 
recombinant Vaccinia viruses. For this 143B cells (HuTk- , ATCC 
CRb 8303) which were 60 % confluent were infected with 
Vaccinia wild-type virus (1 virus per 10 cells) in 1 ml PBS in 
^ mm culture plates for 30 minutes at room temperature while 
shaking occasionally. After aspirating the supernatant and 
adding 2 ml culture medium (MEM. Giboo BRL «04l-01095 
containing 1,500 diluted penicillin and streptomycin Gibco BRL 
11043-05140). they ware incubated for 2 hours at 37»C. 
Subsequently the medium was removed and these cells were 
transformed for oa . 15 hour.-, at 37'C using 100 ng P DP1MP121. 2 
„cj carrier DNA (calf thymus, treated with ultrasound, 
Doehrlnger Mannheim #104T7S> and 10 ,* T.lpofectin (Olbco BUI, 
(I '1.0292 -01 .1) in 1 ml MI5M. After addition of 1 ml MEM containing 
20 % PCS (Sigma «F-7524) they were incubated for a further 24 
hours at 37 -C and subsequently the lysed cells were frozen. 

Gpt selection for xanthine-guanine-phosphoribosyl transferase 
and isolation and amplification of individual recombinant 
viruses was essentially carried out as described in unit 16.17 
of CP with' the difference that RK13 cells (ATCC en, 37) wore 
used. 

integration of the MP121 cDNA into the viral genome was 
confirmed by dot blot analysis (CP unit 16.1B) - A recombinant 
virus from the transfection with P BPMPi2i and the wild-type 



virus were used for expression analyses in cell lines 14311 
(HuTk- , ATCC CRL.8303, human) and NIII-3T3 (DSM ACC 59, Swiss 
mouse embryo) . The cells were cultured according to the 
distributor's instructions. Confluent cells were infected for 
30 minutes at 3TC with the three-fold number of viruseB and 
aubsequently the respective culture medium containing 10 % PCS 
and penicillin/streptomycin (1:500, Gibco BJW. 11043-05140) was 
added. The medium was removed after 6 hours at 37 'C, the cells 
were washed twice with e.g. HBSS (Qibco BRL (114180-046) and 
production medium (MEM for HuTk- or DMEM containing 4.5 g/1 
glucose and NEAA (Gibco BRL (111140-035) for NII1-3T3 each of 
which contained aprotinin (Pluka (U082O. 50 D/ml) and 
penicillin/streptomycin) without FCS. After a production 
period of 20 to 22 hours, the cell supernatant was collected. 
The expression was analysed by means of Western biota 
according to standard methods (CP unit 10.8). For this the 
proteins from 1 to 3 ml call culture supernatant were 
precipitated by addition of an equivalent volume of acetone 
and incubating for at least one hour on ice and centrifuged. 
After reauspending the pellets in application buffer (7 M 
urea, 1 * SDS, 7 mM sodium dihydrogen phoaphate, 0.01 V 
bromophenol blue and 1 V G-meroaptoethanol if desired) they 
were separated in 15 % polyucrylamide gels. A pre-stained 
protein molecular weight standard (Gibco niH, (16041-020) was 
used as marker proteins. Transfer onto a PVDF membrane 
(Immobilon flIPVJIOOOlO) and blocking the membrane was carried 
out according to standard. methods. 

A representative achematic diagram of the results of the 
Western blot in Figure 3 shows that MPl2l-s P ecif ie bands occur 
in the recombinant virus infected cells- The expreesxon of 
MP121 in NIII-3T3 cells leads to a secreted protein with an 
apparent molecular weight in the gel of about 18 kD under 
non-reducing conditions (expected theoretical molecular 
weight 25 kD) . Under reducing conditions the protein migrates 
at about 15 kD in the gel (expected theoretical molecular 
weight: 12.5 kD) . These results show that MP121 is expressed 
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. a dimeric mature protein as expected. The migration 
rehaviour of t he dimeric m . prof* "hich i. ool, ^lig-ly 
slower than the monomeric M P12X protein i. probably due to its 

\Z !«v structure The processing of the precursor protein to 
f th e lire Protein could also be demonstrated in HuTk 
form the mature pro WeBt ern blot with calls (HuTk- 

cella. No bands occurred in the Western dxou 

ceixa. no wild-type viruses (without 

or NIH-3T3) infected witn » llu 

integrated foreign DNR) . 

Purther expression studies of MP121 using the Vaccinia . virus 
system revealed that several cell lines express in addition to 
tH dimeric MP121 also significant amounts of a monomenc 
form This monomeric form seems to be folded and has a more 
"Zular structure because it runs faster in 

than the reduced monomer derived from the dimeric 
analyses than the r ^ expreeeton 

mpt 9i after treatment with mi. i igurc o 

MP121 aruer ur (Hepatocellular 
of dimeric »nd monomelic unpro cessed 

CarC,n ° ma 'foTappeaTin addition. It was already shown by 
precursor form appears l naturally 
our Northern blot analyst Uu L Uu. H ^ 
tranncribe the MP^l nene. , h.,c.to« xt physiologlcal 
the appearance of monomeric MIO.21 

relevance. ^ ^ dimeric „ pl21 in 

The monomeric MP121 «- * ^ ^ ^ 

significant amounts in Mvir,u (N1J1, . 
an" nela (Epitheloid carcinoma, cerv!*, ^' ^^^ 
Tn addition, HPUl was expressed using the 
egression system Unvitrogen, . After infection of ^ insect 
larvae (Trichoplusia ni) with recombinant ^ S ^ ^\Z 
detected in the haemolymph after 3-0 days in the dimeric 

- cfP rtion with recombinant Vaccinia viruses that 
When co-transfection with ^ ^ taken 

code for various members of the aieo 
olace the Vaccinia virus expression system x 

is then P o oneclfic antibodies against the 

affinity columns using specific 
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individual members of the TGF-fi family. In this case the a as 
well as £A and SB chains of inhibins are of particular 
interest. 



ffifftlpple 3 

tisauea 

Total RNk from variouB tissues (brain, heart, kidney, liver, 
lung, spleen, muscle, ovary, testes) was isolated according to 
standard methods from 6 week-old mice as wall as from 
mbryonic ste> cells . 10 fig total RNA was used in each case in 
a RNAse protec\ion assay (RPA) from Ambion (RPA II kit. *1410) 
according to \a manufacturer's instructions. In order to 
obtain epecificNprobes for activin B A and activin ft, the 
genomic DNA from\he mouse (129SV) was amplified from the 
mature part of th\ proteins using corresponding specific 
primes. In order to \cilitate cloning. EcoR I and/or BamH I 
or Hind III restriction cleavage sites were introduced 
respectively at the end\ of the primers. T.n the case of 
activin G A the primers w\ra derived from mRNA from rats 

(Qennank Accession (IM37402) i 

GGATCCGAATM'CGGCrrGGAGTGTATGGCAAGG 
and OGATCCGAATTCCTCTGGGACCTGGCAACTCTAG . 

In the c\se of activin S„ degenerate primers were derived from 

\ Pt - a i Molecular Endocrinology 3, 

the human\ sequence (Mason en a.i - , 

1352-1358 (S1989) : 

GAGAATtW (GA) CA (GA) TT (TO TT (CT) AT 
and GCAAGCTTTPGA) TA (TC) TC (GA) TC (GA) TO . 

The resulting PGR fragments were subclone* into the vector 
pGEM-4 (Promega) and tested. The activin-specif io and thus in 
the RPA protected sequences have a fragment size of 369 bp in 
the case of activin B» and 254 bp in the case of activin B, . 
in MP121 the protected fragment comprises the sequence from 
position 0B7 to position 1164 in SEQ ID H0.3. The fragments 
cloned into P GEM-4 were transcribed in vitro in order to 
produce radioactively labelled antisense RNA probes. This was 
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carried out according to the manvif acturer ' s instructions 
(Promaga, Riboprobe Gemini Systems) using 100 /<M CTP and at 
the same time «"P-CTP (flOO Ci/mmol, Amersham) . A radioact ively 
labelled RNA was also synthesized as a control from the 
plasmid pTri-GAPDH (Ambion tf7431) linearized with Dde I but 
using l mM CTP. After isolating the 4 antisense RNA probes 
from polyacrylamide gels, these were incubated at 42 *C 
overnight in the same mixture with the respective tissue RNA 
from the mouse (10 /ig total RNA per probe having 1x10 s cpm) . It 
was analyzed in a denaturing gel according to standard methods 
with a subsequent autoradiography for 4 days. 

The analysis of MP121 mRNA expression in liver cells or 
remnant liver was performed likewise or using Northern blot 
analysis according to standard procedures (see CP, Chapter 4 
or Molecular Cloning, Sambrook et al., 2nd Edition, Cold 
Spring Harbor Laboratory Press 1909) . 

IlepatocyteB were isolated from rat (Wistar) liver and cultured 
according to Yasuda et al. (J. Clin. Invest. Vol. 92, 1491- 
1496 (1993)). The cells were washed prior to incubation with 
fresh serum-free medium containing 0.1 nM insulin. 0.1V BSA, 
optionally 1 nM EOF and (1 nM) partially purified MP121 (see 
Example 4) . 

Partial heputectomy (about 70% of: the rat liver) was performed 
as described by Higgins U Anderson (Arch. Pathol. 12 ( 106-202 
(1931)) under ether anesthesia. 

ftomoLe 4 

Partial purification of M P121 anrj exami nation of the activity 
of partia lly purified MP121 

The MP121 protein which had been obtained by expression in the 
Vaccinia virus system (see example 2) could be partially 
purified by means of two columns. 

In order to produce MP121 confluent NIH-3T3 cells (DSM ACC 59, 
Swiss mouse embryo) were infected with the same number of 
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recombinant viruses for 30 minuteta at 37 "C and subsequently 
the appropriate culture medium containing 10 V PCS and 
penicillin/streptomycin was added. 

After 4 hours at 37 *C the medium was revuuvcd, the cells were 
waahed twice and production medium (see Example 2) without PCS 
was added. After 20 to 22 hours production, the call 
eupernatant was collected and centrifuged in order to remove 
S the viruses (40000 x g for 30 minutes at 4*C) and filtered 

;R (0.1 /im pore size, Millex W, Millipore i\ SLW25LS) . The 

5 control supernatant (wt) was obtained in a comparable manner 

Ti after infection by wild- type Vaccinia viruses. The expression 

IS of MP121 was checked by means of Western blot analysis and 

y estimated to be 50-100 tig/1 . 

□ The cell culture supernatant containing MP121 (l.l l) was 

admixed with the protease inhibitor PMSF (1 /iM) , brought to a 
Q final concentration of 1 M (NH t ) a S0 41 20 mM Trie pK 8.0 and 

a loaded onto a phenyl -Sepharose (faat flow (high sub) Pharmacia 

^117-0073-05) column (5 ml bad) equilibrated in buffer A (1 M 
(N!I 4 ) 3 S0 4 , 20 mM Trie pH 8.0) . The loaded column was waahed with 
is column volumeci of buffer A and 10 column volumes of buffer 
n (20 mM Triu pH fl.O) and eluLed within r>0 minutes (•> ml per 
fraction) with a linear gradient to 100 I buffer C (20 mM Tris 
pH 0.0, 00 * ethylene glycol) at a flow rate of 1 ml/mln. It 
was possible to check that MP121 elutad between 50 and 00 % 
ethylene glycol by means of Western blot analysis. Aliquots of 
these fractiona were examined using 15 % polyacrylamide 
silver-stained gels according to the manufacturer's 
instructions (Silver stain-H, Daiichi USE140000) and the 
fractions containing MP121 were pooled. After purification of 
the control supernatant comparable fractiona were also pooled 
after analysis in silver-stained gals. 

The pooled fractions were purified further with the aid of 
reversed phase HPLC. For this a C8 column (Aquapore RP3 00, 
Applied Biosystems, particle size; 7 ,<m, pore size; 300A) was 
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equilibrated with buffer A (0.1 \ trif luoroacetic acid/water) . 
After loading the column with the pooled fractions containing 
MP121 from the phenyl -Sepharoaa column, it was extensively 
washed with buffer A. The bound protein was eluted at a flow 
rate of 0.2 ml/min using a linear gradient of 1.5 % buffer B 
(90 % acetonitrile, 0.1 % trif luoroacetic acid) per minute. 
Fractions of 600 ;il were collected and analyzed in a Western 
blot as well as with silver-stained gela. Under the selected 
conditions MP121 protein eluted after about 55* acetonitrile. 
The fractions containing MP121 were pooled. The same was 
carried out with the corresponding fractions from the 
purification of the control supernatant. The analysis in the 
silver gel showed that MP121 was atill contaminated by other 
proteins. Further purification steps are necessary to obtain 
pure MP121. 

Other methods known to a person skilled in the art such as gel 
sieve columns, ion exchange columns, affinity columns or metal 
chelate columns could also be used for the further 
purification. 

It was estimated from Western blot analysis that ca. 8 fig 
partially purified MP121 was obtained from 1 1 of cell culture 
supernatant. The partially purified protein was stored 
lyophilizod at -00°C. 

In order to investigate the influence of MP121 on dopaminergic 
neurones, neurones from the mesencephalic floor of 14 day-old 
rat embryos (E14) were isolated according to a method 
described by Shimoda et al. (Brain Res. 586, 319-331 (1992)) . 
The cells were singled out and cultured as described by 
Krieglstein et al . , (Ncuroscience 63, 1189-1196 (1994)). The 
cell density on polyornithine/laminin-coated cover glasses is 
200000 cells/cm 3 . After culture for 24 hours and subsequently 
e^ary three days two-thirds of the medium (500 /il). was removed 
and replaced by fresh medium containing the respective 
additivee. The lyophilized MP121 partially purified by phenyl 
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sepharose and reversed phase IIPLC was dissolved In 50 % 
acetonitrile and added to the medium. The final concentration 
of MP121 in the medium ia 20 ng/ml (the final concentration of 
acetonitrile is 0.3 %) . A comparable amount from the control 
supernatant (wt) which had been purified in a comparable 
manner was dissolved in r.O * acetonitrile and added. The 
medium control also containa 0.3 V acetonitrile. After eight 
days the cultures were fixed for 10 minutes at room 
temperature in 4 % paraformaldehyde; the cells were made 
permeable with acetone (10 min. -20"C> and washed with PBS 
(phosphate buffered saline) . After treatment with 1 * H.O, in 
PBS. washing and blocking with horse serum, they were stained 
immunocytochemically. Tyrosine hydroxylase (TO) ia a limiting 
enzyme in the biosynthesis of dopamine and other 
catecholamines so that TH can be uaed aa a marker for 
dopaminergic neurones in the present cultures. (cells 
containing noradrenaline were not isolated) . T.l was detected 
by a 1 hour incubation at 37 'c using a mouse-monoclonal 
antibody against rat Til (diluted 1=200. Boehringer Mannheim) 
and subsequent detection using the Vectastair ABC kit (Veto 
Labs). Til-positive cells were counted in an area of 0.12 cm . 
It can be seen from Pig. 5 that MP121 has a positive effect on 
the survival of dopaminergic neiirones. 

in order to investigate the neural influence of MP121 in 
another system explant culture* of the embryonic retim > were 
used. This organotypic culture system is described in detail 
by Carri, N.G. * Bbendal. T. (Dev. Brain Re- 6. 219-229 
,1983)). Carri. N.G. U Ebendal, T. (Anat. Rec. 214. 226-229 
(19B6 , and Carri, N.G. et al . (J. Neurosci . Res. 19. 420-439 
(1900)). This assay measures the stimulation of extending 
nerve fibres from the embryonic retina on a coU^" 
substratum. Briefly, the retinal explants were taken from the 
chick retina (White Leghorn, embryonic day 6) and the neural 
retina was separated from the pigment epithelium and 
mesenchyma! cells by repeated washing. The «g«»typxa 
explant^were transferred to collagen-coated culture dishes 



and incubated overnight (37.5°C # 5* C0 2 ) . The lyophilized MP121 
partially purified by Phenyl- Sepharose and reversed phage HPLC 
was dissolved in aqueous buffer or 50% acetonitrile and 
diluted in the culture medium to a final concentration of 1.25 
ng/ml, 12.5 ng/ml, 25 ng/ml, 50 ng/ml, 100 ng/ml, 200 ng/ml, 
whereby it makes no difference in the results whether 
acetonitrile or aqueous buffers were used for solubilization. 
A comparable amount from the control supernatant (wt) which 
had been purified in a comparable manner was added in control 
assays. For the background fibre outgrowth, standard tissue 
culture medium with only bovine serum added was uBed . The 
incubation was continued and after a 4 day period in culture 
the maximum length of the leading fascicles was measured in an 
inverted microscope under dark-fiald illumination. As shown in 
Table i # MP121 doae-dependently stimulated the outgrowth of 
nerve fibres being maximally active at about 25 ng/ml 
resulting in a real fibre length of about 1.7 mm. Figure 7 
shows the fibre outgrowth in a living culture after treatment 
with MP121 (5 ng/ml). The control (wt) did not stimulate fibre 
outgrowth as tested in concentrations equivalent to those used 
for the active MF121. 



MP121 (ng/ml) 

1.25 

12.5 

25 

50 

100 

200 



r.ength (unitu) 

7/12/5/6 

19/20/13/26 

50/52/60/71/65/53 

37/32/48/41/36/20 

21/8/19/10 

11/8/12/10 



M©an+_SEM 

7 . 5+1 . 5 
19. 5*2. 6 

58.5±3.4 
35.6+3.8 
16.5+2.9 
10.2±0.B 



Table l: 



Retinal neurite length after 4 days in culture 
treated with different concentrations of MP121. The 
neurite lengths of the background fibre outgrowth in 
the control tissue culture medium were 
5,5/6/10/11/4.0/7 units giving a mean of 7.7 units 
(3EM 1.00). The neurite lengths of the wt control 
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(used in equivalent concentrations as MP121) was in 

the same range ae the background fibres. 

Each unit represents 0.03 mm real scale in the 

culture dish. 

in order to inveetigate the influence of MP121 on liver 
derived cells hepatocytes were isolated from rat (Wistar) 
liver and cultured according to Yasuda et al . (J. Clin, 
invest Vol. 92, 1491-1496 (1993)). The oallB ware washed 
prior to incubation with fresh serum- free medium containing 
0 1 nM insulin. 0.1* BSft and 1 nM EOF. Th'e lyophilized MP131 
partially purified by phenyl sepharose and reversed phase HPLC 
was solubilised in acetonitrila as usually and added to the 
medium at various concentrations (see Figure 0) . A comparable 
amount from the control supernatant (wt) which had been 
purified in a comparable manner was used as a control. The 
hepatocytes were incubated for 72h and o.BuCi [W Thymidine/ml 
was included for the last 24 hours as described by Mead * 
Faueto (Proc.Natl.Acad.Sci.US* BS. 1S58-1562 (1969)). 
till Thymidine i ncorporation Into uriohlor.cotio acid-^ 
pjcipitable material was ■ubooquently «.»««.« ae described 
by MOM1.1 at al. (.T.Cell Biol. 101, 372-379 (1985)). 

Tn order to investigate the influence of H9X2X « «^»" 
differentiation its influence on Friend leukemia cells CP5-5) 
was measured. Therefore Pri.nl leukemia * 
microtiter plates essentially as descr ibed by Etc t 
(Biochem- Biophys. Res. Co,.,. 142, 1095-1103 (1987)). The 
yophilised MP121 partially purified by phenyl °«"*7* 
reversed phase HPIX was eolubilized as .. already described 
added to the Friend cells at various concentrations (see 
Figure 9) and incubated for 5 days. The P-«»»W °J 
differentiated cells was determined after staining with o- 
dlanicidine. 



